The authors' propose to combine the reverse pull headgear with a Delaire type face mask and a maxillary corticotomy to treat a Class III non-growing patient with maxillary retrusion. The aim of this report is to present two cases in which this treatment strategy was successful.
Introduction
Maxillary protraction using of a Delaire type facemask for correction of an anteroposterior maxillary deficiency is a safe orthopedic procedure with a somewhat predictable outcome in young growing patients. [1] [2] [3] However, facemask therapy has some serious limitations. Several studies have suggested a better orthopedic outcome when the timing of treatment is limited to patients in the optimal age range between six and ten years of age, otherwise undesirable effects seem to outweigh the beneficial effects. 4, 6, 8 Reverse pull headgear therapy presents a high risk of relapse, temporomandibular joint (TMJ) dysfunction, undesired effects on dentoalveolar structures, and requires a long treatment period (9-12 months) which young patients do not tolerate. [4] [5] [6] [7] [8] [9] The treatment of a non-growing patient with Class III dento-skeletal malocclusion characterized by anteroposterior and transverse maxillary deficiencies are problematic. This is especially true when such cases would not benefit with common orthodontic and orthopedic techniques used for the correction of the sagittal deficit between the maxilla and the mandible. In such cases the authors propose the use of extraoral traction with a Delaire-type facemask in combination with a maxillary corticotomy following the design of a Le Fort I osteotomy.
Resistance to maxillary protraction by the craniofacial skeletal architecture can be reduced by using osteotomic cuts which allows true progress in orthopedic advancement with almost exclusively skeletal effects and a reduction of the risk of relapse.
Case Report
The proposed treatment regimen has been used in the treatment of two young patients. They were both beyond the optimal age range for the application of the orthopedic device (a girl 15 years old and a boy 16 years old), however, they had not reached the necessary skeletal maturity for orthognathic surgery.
Diagnosis
Both patients presented with a flattening of the middle third of the face and a reverse relationship between the upper and lower lips from a lateral view. However, the mandible presented a favorable esthetic projection. The pre-treatment lateral cephalometric tracings showed the presence of a Class III dento-skeletal malocclusion with components of a maxillary deficiency in both patients (Figures 1 and 2 ).
Intraoral examination of the female patient revealed a transverse deficiency of the maxilla with a posterior bilateral dental cross bite, TMJ sounds, and pain. TMJ stratigraphy showed a reduction of the intra-articular space between the mandibular condyle and the glenoid cavity (Figures 3 and 4) .
Intraoral examination of the male patient revealed a molar and canine Class III relationship, whereas the transverse relationship between maxilla and mandible was correct. TMJ stratigraphy showed a normal position of the condyle in the glenoid fossa and (Figure 4 ) there was an absence of TMJ dysfunctional signs and symptoms.
Treatment
The proposed therapy was carried out in orthodontic and surgical phases. In the orthodontic phase standard brackets were applied to the maxillary and mandibular dentitions using 0.016 x 0.022 rectangular arch wires while incorporating a negative torque on the maxillary incisors with hooks facing the medial side of the canine. This was done to create a downward and forward pull of the maxilla with elastics.
In a patient with a constricted maxilla a rigid expansion appliance is cemented to the first premolars and first molars on each side a few days before surgery. The surgical technique consists of a maxillary corticotomy using a Le Fort I osteotomy design. The lateral wall osteotomy is extended posteriorly to the pterygomaxillary fissure to fracture the suture. If maxillary expansion is needed, then a mid-palatal osteotomy is also done parallel to the palatal plane in the intermaxillary suture while leaving the septum attached to the nasal spine ( Figure 5 ).
After five to seven days, the Delaire-type facemask appliance is actived. Patients were instructed to wear the headgear 24 hours a day for the first two weeks. Maxillary protraction requires 600 gr of force per side. Later the elastic traction was reduced to 400 gr of force per side for one month, and the patients wore the face mask appliance only during the night (Figure 6 ).
After the improvement of sagittal and transverse deficiencies, five months of retention was prescribed.
After the retention period and five years following treatment, new lateral cephalograms were traced and changes were evaluated by superimposition of the new tracings on the pre-treatment tracings (Figures 7 through 11) . 
Treatment Results
After three weeks of treatment, both patients demonstrated a correction of the transverse diameter as well as the molar and canine Class I relationship. A profile analysis revealed a correct relationship between the upper and lower lips, a good projection of the middle third of the face and nose, and a pleasant curve of the nasolabial angle. Facial balance was improved by the vertical augmentation of the lower third of the face of both patients.
The pre-treatment lateral cephalogram of the female patient showed a Class III dentoskeletal malocclusion with dental compensation and maxillary retrusion with the following measurements: The soft tissue profile analysis documented the important orthopedic effect of the posteroanterior maxillary protraction. This resulted in good facial balance due to a correct relationship between the upper and lower lips, an increased nasolabial angle, and a correction of the cheekbone profile. The tip of the nose also moved forward and upward ( Figure 12 ).
TMJ stratigraphy showed a normal position of the condyle in the glenoid fossa and the absence of TMJ dysfunction signs (Figure 4 ). 
Discussion
The prevalence of a Class III malocclusion in white Caucasian populations is between 1 to 5%. Approximately 25% of Class III malocclusions with skeletal prognathism have components of a maxillary retrusion, or in general, a maxillary deficiency in the three spatial planes.
9,10
Palatal expansion devices are currently used for correction of a maxillary transverse deficit in growing patients. However, limited benefits have been shown in mature teenage and adult patients since closure of the maxillary suture increases resistance to expansion, which produces negative dental and skeletal effects and increases the risks of relapse.
11-13
When maxillary retrusion is present in growing patients, early treatment with maxillary protraction appliances (Delaire-type facemasks) showed promising results whether or not they were used in conjunction with palatal expansion devices. This orthopedic therapy allows the maxilla to move forward and downward through the remodeling of the circummaxillary sutures while the mandible shows a posterior rotation, which corrects the soft tissue profile concavity.
However, the use of the reverse-pull head gear appliance has some limitations such as low patient tolerance level due to the extended total treatment time (six to nine months); prolonged daily wearing of the appliance (12-16 hours a day); limited forward movement of the maxilla; high risk for relapse, and TMJ dysfunction. [14] [15] [16] [17] [18] [19] The most significant limit of this therapy is the optimal timing for treatment. Orthopedic protraction of the maxilla yields the best results if it is applied to patients between the ages of six to ten years when it is still possible to influence skeletal growth by treatment of the sutural system. Beyond this age range different therapeutic procedures are necessary such as conventional orthodontics or using surgical orthodontics after the complete skeletal maturation has occurred.
Of course, it is possible to obtain a good occlusion but the result is not always satisfying in terms of overall esthetics. Furthermore, occlusal compensation alone can damage the articular system causing posterior disk dislocation due to anterior dental contact, which would result in TMJ pain and dysfunction. Growth has to be complete in order to resolve esthetic and occlusal problems. This may be time consuming so the existing skeletal deformity may exist for quite a long period of time causing functional, esthetic, and psychological effects in the interim. In some selected cases it is possible to overlook the age limit by combing the effects of the Delaire's mask and palatal rapid expansion devices with simple surgical procedures such as maxillary corticotomies similar to the "Surgical Assisted Rapid Palatal Expansion" technique.
The following are indications for the treatment proposed described in the present case report:
• Maxillary deficiency in growing patients • Normal or hypo-divergent patients • Patients who can't be treated using traditional orthodontic and/or orthopedic therapy Using the proposed method, the following advantages can be achieved:
• Overcome age limitations • Significant reduction of the total treatment time • Reduction of the risk of relapse • Reduction of the risk of TMJ dysfunction • Better esthetic results due to the "dragging effect" on the nasal septum and the cartilaginous structures of the nose (1:1 relationship between the Anterior Nasal Spine and nose tip) • Possibility of simultaneously correcting the transversal maxillary deficiency
Summary
The described technique has the advantage of being quick and easy to perform with a low surgical risk yielding satisfactory results after 15-20 days of therapy instead of the six to nine months associated with traditional procedures.
The esthetic improvement is not only linked to the correction of the skeletal and occlusal relationship but also with the significant forward advancement of the "A" point and of the Anterior Nasal Spine along with favorable adaptation of the soft tissue of the face.
The clinical and radiographic follow-up performed five years after the beginning of therapy confirms the stability of the obtained results.
